deposited at the MCCC. B. xiamenensis T was from the MCCC. Unless otherwise specified, the morphological, physiological and chemotaxonomic tests of these strains were performed on Luria-Bertani (LB) medium at 32 8C.
Two strains, designated T and NH7I_1 T , were isolated from aquaculture water of a shrimp farm of Zhangzhou city in China and from surface sediment of the South China Sea, respectively. Cells of the strains were Gram-stain-positive, oxidase-and catalase-positive, rod-shaped and motile. Phylogenetic analyses based on 16S rRNA gene sequences indicated that the two strains belonged to the Bacillus pumilus clade. 16S rRNA gene sequence similarity between strains DW5-4 T and NH7I_1 T was 99.8 %, and between each of the two strains and four type strains, B. pumilus ATCC 7061 T , Bacillus safensis FO-36b T , Bacillus altitudinis 41KF2b T and Bacillus xiamenensis HYC-10 T , were above 99.4 %. The digital DNA-DNA hybridization value between the two novel strains was 41.6 %, and between each of the two strains and the four above-mentioned type strains were below 53.0 %. In both strains, the principal fatty acids were iso-C 15 : 0 and anteiso-C 15 : 0 , and the isoprenoid quinone was identified as MK-7 (100 %). Bacteria of the Bacillus pumilus clade are ubiquitous in a wide variety of terrestrial and marine environments, ranging from stratospheric air to deep-sea sediments and from soil to living beings (Shivaji et al., 2006; Liu et al., 2013; Branquinho et al., 2014) . As a consequence of a proposal recommending to invalidate two species, Bacillus aerophilus and Bacillus stratosphericus (Branquinho et al., 2015; Liu et al., 2015a) , and reclassification of Bacillus invictae as a later heterotypic synonym of Bacillus altitudinis (Liu et al., 2015b) , the B. pumilus clade currently comprises four species with validly published names, B. pumilus, Bacillus safensis (Satomi et al., 2006) , B. altitudinis (Shivaji et al., 2006) and Bacillus xiamenensis (Lai et al., 2014) . In a preliminary investigation of the phylogenetic diversity and marine ecotype of the B. pumilus clade using multilocus sequence analysis (Liu et al., 2013) , strains DW5-4 T and NH7I_1 T were found to form two independent clades which were marked group C and group E, respectively. Strain T represented an early emerging taxon relative to B. altitudinis and B. xiamenensis. Strain NH7I_1 T was related most closely to B. safensis DSM 19292 T . Consequently, the objective of the present study was to determine their taxonomic status using a polyphasic approach.
Strains T and NH7I_1 T were isolated from the aquaculture water of a shrimp farm of Xiapu county of Zhangzhou city in China (117.828 E 24.028 N) Catalase activity was determined by observing bubble production after the application of 3 % (v/v) hydrogen peroxide solution, a positive reaction being indicated by the production of bubbles. Oxidase activity was evaluated via the oxidation of 1 % (w/v) p-aminodimethylaniline oxalate. Growth at different temperatures (4, 10, 15, 20, 25, 28, 32, 37, 42, 48, 50 and 55 8C) was investigated on LB medium for up to 2 weeks. The pH ranges for growth were confirmed in LB broth at pH 3.0-11.0 with increments of 1.0 pH unit, using the appropriate biological buffers, namely citrate/phosphate (pH 3.0-7.0), Tris/HCl (pH 8.0-9.0) or sodium carbonate/sodium bicarbonate (pH 10.0-11.0). Salt tolerance was tested using modified LB broth containing 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 18 or 20 % (w/v) NaCl for 2 weeks. Other physiological and biochemical characteristics were confirmed using API 20NE, API ZYM, API 20E and API 50CHB strips (bioMérieux) following the manufacturer's instructions. The physiological characteristics of strains DW5-4 T and NH7I_1
T were obtained from these comparative studies (Table 1) . Results are presented in the species descriptions.
To determine the phylogenetic positions of strains DW5-4 T and NH7I_1 T , the 16S rRNA and gyrB gene sequences were obtained from our earlier study (Liu et al., 2013) . Other sequences of related taxa were selected from the GenBank database. Phylogenetic trees of 16S rRNA and gyrB gene sequences were reconstructed using MEGA version 5.05 (Tamura et al., 2011) with distance options according to the Kimura two-parameter model and clustering with the neighbour-joining (NJ), maximum-likelihood (ML) and minimum-evolution (ME) methods, and supported using bootstrap values with 1000 replications.
Two nearly complete 16S rRNA gene sequences of strains T and NH7I_1 T were determined (1513 bp). 16S rRNA gene sequence similarity between strains DW5-4 T and NH7I_1
T was 99.8 % ( T were, respectively, 99.9, 99.8, 99.5 and 99.5 %, whereas those between strain DW5-4 T and other related type strains were below 97.3 % (Table 2) . Similarly, the similarities between strain NH7I_1
T and the four reference type strains were, respectively, 99.8, 99.9, 99.5 and 99.5 %, whereas those between strain NH7I_1
T and other related type strains were below 97.2 % (Table 2 ). In addition, as illustrated in Fig. 1 , strains DW5-4 T and NH7I_1
T were affiliated with the B. pumilus clade in the NJ tree, indicating their close relationships. Moreover, their taxonomic status and phylogenetic relationship could not be definitively determined on the basis of 16S rRNA gene sequences. The ML and ME trees presented similar topologies to the NJ tree, and therefore they were condensed in the NJ tree.
Owing to the low level of discrimination based on 16S rRNA gene sequences for these strains, analyses of gyrB gene sequences were performed. The level of gyrB gene sequence similarity between strains DW5-4 T and NH7I_1 T was 89.3 % ( Table 2) . Similarities between strain DW5-4 T and the four reference type strains were, respectively, 89.5, 89.0, 89.3 and 89.8 %, and between strain NH7I_1
T and the four reference type strains were, respectively, 91.2, 95.0, 90.8 and 90.0 %; similarities between the two novel strains and other related type strains were below 78.0 % ( Table 2) . Based on the 95-96 % gyrB gene sequence similarity as the interspecies gap of the B. pumilus clade (Liu et al., 2013) , strains DW5-4 T and NH7I_1
T could not be assigned to any recognized species. In addition, as shown in Fig. 2 , the NJ tree based on the gyrB gene sequences indicated that the two strains formed two independent branches separated from the four reference type strains within the B. pumilus clade. As for the three trees based on 16S rRNA gene sequences, the ML and ME trees based on gyrB gene sequences were condensed in the NJ tree.
For the further determination of their taxonomic position, the genome sequences of strains DW5-4 T and NH7I_1
T were subject to DNA-DNA hybridization (DDH) (Shanghai Majorbio Bio-pharm Technology), using Solexa paired-end (500 bp library) sequencing technology. Two draft genome sequences of strains DW5-4 T and NH7I_1 T were deposited in the NCBI database (accession nos. JOTP00000000 and LGYN00000000). Based on the genome sequences, the DNA G+C contents of strains DW5-4 T and NH7I_1 T and the four reference type strains were, respectively, 43.4, 52.0, 35.8 and 37.2 % (Table 2) . These values were far below the gold standard of DDH (70 %) for prokaryotic species definition (Wayne et al., 1987) , suggesting that the two strains represented two putative novel species of the B. pumilus clade. . Data for the API ZYM, API 20NE, API 20E and API 50CHB systems for all strains were obtained under the same conditions. API 20E data for the novel strains were obtained from this study, while those for the four reference type strains were obtained from our previous study (Liu et al., 2015b) . In API ZYM tests, all strains were positive for alkaline phosphatase, acid phosphatase, esterase (C4), esterase lipase (C8), naphthol-AS-BIphosphoamidase, b-galactosidase and b-glucosidase; negative for a-fucosidase and N-acetyl-b-glucosaminidase. In API 20NE tests, all strains were positive for b-glucosidase (aesculin hydrolysis), b-galactosidase, gelatin hydrolysis, utilization of D-mannitol, D-mannose, N-acetylglucosamine and D-glucose, D-glucose fermentation and trisodium citrate; negative for reduction of nitrate, denitrification, indole production, and utilization of adipic acid, capric acid and phenylacetic acid. In API 20E tests, all strains were positive for b-galactosidase, citrate utilization, acetoin production (Voges-Proskauer), gelatinase, and fermentation of glucose, mannitol, sucrose, amygdalin, and arabinose; all strains were negative for lysine decarboxylase, ornithine decarboxylase, H 2 S production, tryptophan deaminase, indole production, and fermentation of sorbitol and rhamnose. In API 50CHB tests, all strains produced acid from amygdalin, arbutin, cellobiose, D 
Two novel Bacillus species
The cellular fatty acid profiles of strains DW5-4 T and NH7I_1
T were determined using cells from the third quadrants grown on LB medium at 37 8C for 48 h. The cells were saponified, methylated and extracted using the standard MIDI (Sherlock Microbial Identification System, version 6.0B) protocol. Then, the fatty acids were analysed by GC (Agilent Technologies 6850) and identified using the TSBA6.0 database of the Microbial Identification System. The respiratory quinone and polar lipids were identified by the Identification Service of the DSMZ and Jiangsu University according to a previously described method (Minnikin et al., 1984) . For a more comprehensive comparison, the polar lipids of B. safensis DSM 19292
T were also determined in this study.
The principal fatty acids of strains T and NH7I_1
T were iso-C 15 : 0 and anteiso-C 15 : 0 and were consistent with those of the four reference type strains (Table S1 ). Nevertheless, the percentage of each fatty acid for the six type strains was different, especially for iso-C 15 : 0 , anteiso-C 15 : 0 , C 16 : 0 and B. xiamenensis HYC-10 T are ABRX00000000, ASJD00000000, ASJC00000000 and AMSH00000000, respectively (Lai et al., 2012 (Lai et al., , 2014 Liu et al., 2015b 
